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PREF1FACE

AUTHORIIZTION

Specific directives for this investigation were
issued in Bureau of Ordnance ltr* EF37/A8-3(Relf) dated
27 December, i943.

OBJECT

To make a complete physical, chemical and metal-
lurgical examination of one round or Japanese 20=ax i.P.
Oerlikon ammunition, CLE No. 34,48.

A complete study has been made of one round of
"Japanese 20am ,.. Oerlikon emunition. The projectile
is shown to be of unusual design, having a soft copper
cap and a large cavity which does not carry a fuze. It
appears that the sole purpose of this cavity is to bring
the weight of the projoctile down to the weight of other
20=m Gerlikon prolettiles. The projectile has been
machinod from bar stock of good quality plain carbon
(645% C) steel# The cartridge case is of standard do-
sign and possesses no uausual features.
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I. INTRODUCTION.

One complete round of 4apanese Oerlikon, 20mm
•.P,, aircraft ammunition was received by the.rmor and
P'rojectile Laboratory for a complete physical, chemiaal
a d raetall urgi aý,extmination- Since only one round was fur-
Ishe no baflfll.• tests couid be conducted.

II IN1E$TI G.TION.

Fig, I shows this ammunition as received and in
cross section. The cartridge case is similar to pre-
viously examined Japanese 20mu, "short case", Oerlikon
cartridge cases and possesses no unusual features; the
.t . . projectile is unusual in that it uses a small copper
cap which is not needed Vor streamlining. The large cavity
crries no fuze and is apparently used for the sole pur-
pose of bringing the projectile weight down to that of
other Oerlikon 20mm projectiles, The total weight of the
projectile is 124 gms., which compares with 127 gmso for
the H, E. and 123 gms for the H.E.I, projectiles reported
on in N9O.L. sketches 70732 and 70731*

There are no identifiction riarkings other then
those noted in Figure 1; the projectile is identified
by white paint.

Table I presents the chemical anelyses of the com-
ponent parts of this aemiunition. The ferrous analyses are
spectrochemilcal with the exception of carbon, phosphorus
end sulphur which were made by standard wet cheVmical
methods. 4.anlyses could not be made on the base plug
becaase of insufficient sample.

Chwaoal £•'• yses oT Japanose 20m OorlikonJ"P iu munition,

1Proectile C S S Si Cr Ni Mo
B o d .46 .031a .027 w62 .20 906 *13 bV

Base Plug - - .53. .28 1.2o5 13 .34
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Cu Zn Al Sn Fe

Rotating 100
Band

Copper cap 100
Cartridge 70.1 29,8 *02 .001 .03

Case

The projectile analysis corresponds closely to
SAE 1045 steel, the chromium and nickel present probably
entered from scrap, The analysis of the base plug is
unusual in ti~et it corresponds to steel of &.E 4100 series
and represents better quality than the projectile proper.
It is probable that this steel was selvaged froia scrap
stock; whatever the reason for such uneconomical use of
alloying elements it is indicntive of an economy hard
pressed for manufacturxng facilities,

I hCROSTRUCTURi 1.NAD tD,•.'4.CTITURE

The msorostructure revealed by the etch in Figure
1 shows that this projectile was machined from bar stock

- of clean high quality steel, The comiilicated contotering
of the cavity was fored by a boring opuration which ro.
quired painstnking machining. .ll •sohihning eppears
to bo of good quality,

The cartridge case n.poars to have boon tauda by
conventional de.p drawing of o brass disc, It possesses
no unusual featurQGýs.

Figure 2 shows the atched cross section of this
projectile together with the microstructurus end hardness
of, representetive sections. From t.•is data it appears
tant the projeotile was given the following heat treat-

monts:

(1) Austonitized, quenched and tempered to a uliform
spheroidal structure. (Structuro of base.)

(2) No. dipped into a molten wetallio bath to ap-
"proxIMately half way ttlon the cavity and hold
Until. ell of the nose section was austenitized,.

(3) Nose queanhed to slightly above the bourrelet,

( t~r~ lol±vod by tonpi -at: a .1o tOD~~iat1wa



MICROSTRUCTURE OF JAPANESE 20MM A.P. PROJECTILE

CON FID ENTIAL
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These series of treatments produced a projectile with a
,hard martensitic nose and a center partially transformed
to martensite and peerlite. The mod-body section, which
was austenitized but not quenched, transformed to a pear-
lite plus ferrite aggregate. The base secticn (and base
plug) are in a soft, uniformly spheroidized condition*

STh e n o n - u n i f o r m a p p e a r a n c e o f t h e h a r d e n e d z o n e
in the nose section is due to non-uniform quenching of
the nose following the nose dip* The cause for this may
have been either the presence of scale or the adherence
of metal from the bath, serving to hinder the quench at
these points. The presence of a pearlitic region at mid-
body is ounsidered to bb detrimental to the ballistic qurlity
of this projectile. This structure could have been pre-
vented by a complete quench of the projectileo
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